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(g) Ethylene recovery in direct-oxidation ethylene oxide processes. 

@ A direct-oxidatton ethylene oxide process of 
the type comprising a) reacting a feed gas 
stream including ethylene and a commercial- 
ly-pure oxygen in one or more reactors and b) 
atssorbing out ethylene oxide from the product 
stream from the one or more reactors in a first 
absorptk)n zone, unreacted ethylene is re- 
coverd from an ethylene-rich argon purge gas 
stream via an absorber and a stripper in combi- 
nation, the recovered ethylene is recycled to the 
feed gas stream, and an ethylene-lean argon 
purge gas stream is purged. 
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The present invention relates to a process for the 
production of ethylene oxide by direct oxidation, and 
to a process and apparatus for recovering ethylene 
from a purge or vent gas stream in a direct-oxidation 
process for recycle . 5 

The direct-oxidation process for manufacturing 
ethylene oxide is well-known, and generally involves 
passing a feed gas containing ethylene and substan- 
tially pure oxygen over a supported silver catalyst un- 
der pressure and heat, whereby the ethylene and 10 
oxygen react to form ethylene oxide. Per-pass con- 
version is typically tow (i.e., on the order of 5 to 25 per- 
cent), so that a substantial recycle stream is generally 
required. Given the size of the recycle stream, and 
despite the low levels (0.5 percent or less, typically) is 
of such material in commercially-pure oxygen, it is 
necessary that an argon purge be established to pre- 
vent argon from the oxygen feed (argon is the princi- 
pal impurity in commercially-pure oxygen supplies 
and an inert in the direct oxidation process) from 20 
building up in the process. This argon purge stream, 
like the feed and recycle streams, carries a substan- 
tial amount of ballast gases such as nitrogen and/or 
methane but also has a substantial enough ethylene 
content to make ethylene recovery from the purge 2S 
stream economically desirable. 

United States Patent No. 4,769.047 to Dye (Dye) 
accordingly describes a process for recovering ethy- 
lene from a vent gas in a direct-oxidation process, 
wherein the vent or purge gas stream is passed 30 
through a first, activated carbon adsorption zone to 
remove most of the C3 and higher hydrocarbons 
formed in the process reactors. Ethylene and carbon 
dioxide are then selectively adsorbed from the lower 
C3 and higher-content purge gas stream by pressure 35 
swing adsorption onto crystalline zeolite molecular 
sieve bodies, and the ethylene and carbon dioxide 
are then separated by conventional methods, e.g., 
contact with aqueous monoethanolamine or hot po- 
tassium carbonate followed by aqueous ammonia 40 
treating and caustic scrubbing. The separated ethy- 
lene is compressed and recycled back to the feed to 
the primary reactors. Dye cites also United States Pa- 
tents No. 3,176.445 to Collins et al. and 3,266,221 to 
Avery for showing, respectively, that ethylene may be 45 
separated from carbon dioxide by contact with a crys- 
talline zeolite molecular sieve material, and that pres- 
sure swing adsorption (onto crystalline aluminosili- 
cate molecular sieves) may be used to recovery ethy- 
lene from an ethylene oxide reactor off-gas. so 

Summary of the Present Invention 

The present invention employs an absorber/strip- 
per combination to recover ethylene from an argon ss 
purge gas sfream, rather than the pressure swing ad- 
sorption of Dye and the references described therein. 

In one preferred embodiment of the present in- 



vention, the effluent from the reactor section of a di- 
rect oxidation ethylene oxide process is fed to a first 
absorption zone for removing ethylene oxide there- 
from. The overhead from this first absorber is there- 
after compressed, and at least a portion of this stream 
is sent to a second absorption zone to remove carbon 
dioxide therefrom. An argon purge gas stream is de- 
rived from the carbon dioxide-lean absorber over- 
heads from the second absorption zone, and this ar- 
gon purge gas stream is sent to ethylene recovery. 
Those portions of the overheads from the first, ethy- 
lene oxide absorption zone and the second, carbon 
dioxide absorption zones not sent to carbon dioxide 
recovery and to ethylene recovery, respectively, are 
recycled directly back to feed gas makeup for the re- 
actor section. 

In another, less preferred embodiment, the argon 
purge gas stream sent to ethylene recovery is derived 
directly from the carbon dioxide-containing overhead 
from the first, ethylene oxide absorption zone, so that 
ethylene recovery occurs on a first portion of the 
overhead from the first absorption zone while carbon 
dioxide recovery occurs on a second portion of such 
overhead. 

Brief Description of the Drawings 

Fig, 1 is an overall schematic of a preferred direct 
oxidation ethylene oxide process of the present in- 
vention. 

Fig. 2 depicts the "ethylene recovery" section of 
the process of Fig. 1 in a preferred configuration. 

Detailed Description of the Drawings 

The direct oxidation ethylene oxide process of 
the present invention is illustrated schematically in a 
preferred emt>odiment in Figure 1. For clarity of de- 
scription, most of the pumps, compressors, heat ex- 
changers, valves and miscellaneous process equip- 
ment are omitted from illusfration or further descrip- 
tion herein as routine and as not contributing to an un- 
derstanding of the overall invention. 

The feed gas sfream 10 to the reactor section of 
the process, here exemplified by a single reactor 12, 
will typically consist of from 5 to 8 mole percent of oxy- 
gen, from 10 to 35 percent of ethylene, from 3 to 10 
percent of cart>on dioxide, from 0 to 5 mole percent of 
ethane, from 0 to 10 mole percent of argon and up to 
80 percent of ballast gases such as nifrogen and/or 
methane, with methane being preferred to nifrogen. 
Trace quantities of reaction moderators, feed gas im- 
purities and reaction by-products will also be present 
in the sfream 10. The feed gas stream is constituted 
from a recycle sfream 14, a fresh oxygen sfream 16 
(of a commercially-pure (95 to 99.5 percent) oxygen), 
a fresh ethylene (commercially-pure, 95 to 99 per- 
cent) feed sfream 1 8 and a ballast gas stream 20. The 
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bulk of feed gas stream 1 0. however, is formed by the 
recycle stream 14. with the ratio of recycle gas in 
stream 14 to fresh feed gases in streanr^ 16. 18 and 
20 being anywhere from 10:1 up to 40:1 (by volume). 

Feed gas stream 10 is preheated by the effluent 5 
stream 22 from reactor 12 (via exchanger 24) prior to 
its introduction into the reactor 12. The preheated 
feed gas stream 10 is then fed into the reactor 12, 
wherein it is contacted with any of the conventionally- 
known supported sliver catalysts useful for the direct io 
oxidation process at temperatures ranging from 200 
to 300 degrees Celsius and pressures of from 1.4 
MPa to 2.6 MPa. gauge (200 to 375 psig). 

Some means of temperature control is incorporat- 
ed in the process in conjunction with the reactor 12, 15 
to remove heat generated by the oxidation reaction of 
ethylene and oxygen to ethylene oxide and the com- 
peting oxidation side-reaction to carbon dioxide. The 
conversion rate of ethylene is thereby controlled as 
well as the selectivity to ethylene oxide (as opposed 20 
to carbon dioxide). Typical overall conversion rates of 
ethylene through the reaction section can range from 
7 to 30 percent, while the selectivity of ethylene con- 
sumed to ethylene produced will normally be from 72 
to 82 percent depending on work rate, the age of the 25 
catalyst employed, and other factors. 

Depending on the selectivity of the particular cat- 
alyst employed, the ethylene conversion rate through 
the reactor 12, and the composition of feed gas 
stream 10, the effluent stream 22 from the reactor 12 30 
will generally consist of from 3 to 6 mole percent of 
oxygen, from 6 to 30 mole percent of ethylene, from 
1-3 mole percent of ethylene oxide, from 3.5 to 12 
mole percent of CO2, and up to 80 percent of ballast 
gases. The effluent stream 22, after being cooled in 35 
exchanger 24, is introduced into an ethylene oxide 
absorber tower 26, wherein the stream 22 is contact- 
ed with a conventional absorbent liquid for removing 
ethylene oxide from the stream 22, Typically cool ab- 
sorber water may be used as the liquid absorbent. 40 

The ethylene oxide-rich absorbent sfream 28 
from the bottom of the absorber 26 is pumped to an 
ethylene oxide finishing section 30 for recovery and 
purification of the ethylene oxide as stream 32. Trace 
quantities of other constituents of the stream 22 from 45 
the reactor 12 may also be absorbed into stream 28, 
and these may be recovered in the ethylene oxide fin- 
ishing process and returned (not shown) to recycle 
stream 14. The technology for recovering and purify- 
ing the ethylene oxide from the absorbent stream 28 so 
is generally well-known in the art, see, e.g.. United 
States Patent No. 3.745.092 to Vanderwater, and 
need not be discussed further for purposes of the 
present Invention. 

Following the absorption of ethylene oxide into 55 
the stream 28, the overhead stream 34 will typically 
consist of from 3 to 6 mole percent of oxygen, from 5 
to 30 percent of unreacted ethylene, from 4 to 12 mole 



percent of carbon dioxide and part per million levels 
of ethylene oxide. 

Some of the carbon dioxide in this stream is at- 
tributable to the recycle stream 14, with the remain- 
der however being generated in the reaction zone in 
reactor 12. In order to prevent carbon dioxide from 
building up in the recycle sfream 14 and in the feed 
sfream 10, carbon dioxide is removed from the proc- 
ess at the same rate as it is produced in the reactor(s) 
12. This is accomplished through recompression of 
sfream 34 in compressor 36. followed by carbon diox- 
ide removal from a suitably sized portion 38 of sfream 
34 in a CO2 removal process 40. as for example by 
contact with a suitable carbon dioxide-selective ab- 
sorbent. That portion of the overhead sfream 34 not 
directed to the process 40 is recycled back to feed gas 
makeup as sfream 42. 

There are several known processes and absor- 
bents for the removal of carbon dioxide from sfreams 
containing light hydrocarbons, oxygen and inert gas- 
es, see, e.g., United States Patents No. 3.665,678 to 
Kammermeyer et al.. 3.867,113 to Foster et al., and 
4,184,855 to Butwell et al. The hot potassium carbon- 
ate process familiar to those skilled in the art is pre- 
sently preferred. Typically the carbon dioxide-rich ab- 
sorbate sfream 44 from the process 40 will be from 95 
to 99.9 percent pure (on a dry gas basis) in CO2, and 
on a mass basis 10 percent on average of the carbon 
dioxide in sfream 34 will be removed from the process 
via sfream 44. The remaining 90 percent will be recy- 
cled to the reactor(s) 12 via sfream 42. 

The carbon dk>xide-lean absorber (combined) 
overhead 46 from the carbon dioxide removal proc- 
ess 40 typically consists of from 3.3 to 6.6 mole per- 
cent of oxygen, from 5.6 to 33.5 percent of ethylene, 
and the remainder of ballast gases. The overhead 46 
is divided (like sfream 34) between a sfream 48 which 
is joined into recycle sfream 14 and a sfream 50 which 
is sent to an ethylene recovery process 52 shown in 
detail in Figure 2, and from which an argon purge gas 
sfream 54 is to be derived in addition to an ethylene- 
rich sfream 56 to be recycled back Into recycle stream 
14. The stream 50 Is conventionally sized so that the 
amount of argon removed ultimately therefrom in an 
argon purge gas sfream 54 equals that amount added 
via the oxygen feed 16. 

In Figure 2, the sfream 50 enters an absorber col- 
umn 58, wherein ethylene is preferentially absorbed 
in a high molecular weight organic liquid. Suitably this 
high molecular weight organic liquid is n-dodecane. n- 
fridecane or some other normal paraffin or isoparaf- 
fin having an average molecular weight ranging from 
140 to 212, or a combination of such paraffins or iso- 
parafflns having an average molecular weight of from 
1 60 to 220. A commercially-available material which 
has been found especially suitable is a mixture of C^o 
to Ci3 paraffins sold under the designation Norpar 
12™ (Exxon), and having an average molecular 
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weight of 162. Mixtures of paraffins having a higher 
average nnolecular weight, and sold under the desig- 
nations Norpar 1 3™ and Norpar 15™ (Exxon, respec- 
tive molecular weights 186 and 212), are also suitable 
but less effective. 5 

Liquid to gas flow rates for the absorber column 
48 are generally 7:1 to 25:1 depending on column hy- 
draulics, and the liquid loading factor is from 49,000 
to 83,000 kilograms per square meter per hour 
(10,000 to 17,000 pounds per square foot per hour), io 
and especially 73.000 kilograms per square meter per 
hour, (15,000 pounds per square foot per hour). The 
contacting surface may be created by trays, struc- 
tured packing or random dunnp packing, with the latter 
being preferred. Typical operating pressures and tenrv is 
peratures are from 1.4 MPa to 2.4 MPa (gauge) (200 
to 350 pounds per square inch (gauge)) and firom 10 
to 45 degrees Celsius, respectively. 

The ethylene-lean absorber column over- 
heads/argon purge gas stream 54 normally will con- 20 
tain from 8 to 15 mole percent of oxygen, 0.1 to 1.0 
mole percent of ethylene, 0.5 to 2.0 mole percent of 
carbon dioxide and 2 to 10 mole percent of argon, with 
the remainder being ballast gases again. Stream 54 
is conventionally incinerated prior to venting to the at- 25 
mosphere. 

The ethylene-rich absorbent stream 60 from the 
bottom of column 58 Is heated in exchangers 62 and 
63 and introduced into a flashing zone 64. The liquid 
bottoms 66 from the flashing zone 64 are thereafter 30 
introduced into a stripper 68, wherein the stream 66 
is contacted with an inert gas stream 70 (preferably 
nitrogen or methane is used) at tow pressures, e.g., 
69KPa to 377 KPa, gauge (10 to 54.7 Ibs/sq. in. 
(gauge)) and temperatures of from 40 to 80 degrees 3S 
Celsius. Higher pressures could be employed with 
higher temperatures to keep the same relative vola- 
tilities of the absorbed gas and absorbent liquid from 
absorber column 58, however. The contacting surface 
for the stripper 68 can be created by trays, structured 40 
packing or random dump packing, with the latter be- 
ing generally preferred. Liquid to gas flow ratio in the 
stripper 68 will typically be 200:1 up to 400:1 . Steam 
stripping could also be used, but is less preferred. 

The overhead stream 72 from stripper 68 is conrv 45 
bined with the flashed vapor stream 74 from flashing 
zone 64. and condensed in condenser 76 to produce 
an ethylene-rich overheads stream 78 containing 
from 1 to 10 mole percent of oxygen, from 20 to 45 
mole percent of ethylene, from 1 .0 to 30 mole percent so 
of carbon dioxide, and the balance of ballast gases. 
This stream 78 is recompressed via compressor 80 
and returned to recycle stream 14 as stream 56 (see 
Fig. 1). with preferably from 90 to 99 percent of the un- 
reacted ethylene from reactor(s) 12 having been re- S5 
covered in this fashion. 

From 1 0 to 40 percent of the unreacted oxygen is 
recovered also. However, oxygen and argon have 



roughly the same affinity for the paraffinic absor- 
bents for column 58 described above. Thus as more 
oxygen is recovered, either by increasing the flow 
rate of absorbent in column 58 or by using a cooler ab- 
sorbent, more argon is returned to the system via re- 
cycle stream 14 and the purge flow through the 
stream 54 must be correspondingly increased. Given 
the comparative value of recovering additional oxy- 
gen versus the value of additional ethylene to be vent- 
ed via the purge stream 54, it is presently considered 
that the amount of oxygen that is best recovered cor- 
responds to whatever is incidentally recovered with 
optimal ethylene recovery. 

The condensed liquid stream 82 from the con- 
denser 76 is sent to a phase separator 84, wherein 
any condensed water Is separated out as a waste 
stream 86 and the paraffinic hydrocarbon absorbent 
for column 58 is recovered as stream 88. The stream 
88 of paraffinic hydrocarbon absort>ent is combined 
with any necessary fresh absorbent, and pumped via 
pump 90 through heat exchangers 62 and 92 to cool 
the absorbent before it comes into contact with the 
stream 50 entering column 58. 

Those skilled in the art will recognize that numer- 
ous changes may be made to the process described 
in detail herein, without departing in scope or spirit 
from the present invention as more particularly de- 
fined in the claims below. 



Claims 

1- A direct-oxidation ethylene oxide process of the 
type comprising a) reacting a feed gas stream in- 
cluding ethylene and a commercially-pure oxy- 
gen in one or more reactors and b) absorbing out 
ethylene oxide from the product stream from the 
one or more reactors in a first absorption zone, 
characterized in that unreacted ethylene is re- 
coverd from an ethylene-rich argon purge gas 
stream via an absorber and a stripper in combin- 
ation, the recovered ethylene is recycled to the 
feed gas stream, and an ethylene-lean argon 
purge gas streamis purged. 

2. An improved direct-oxidation ethylene oxide 
process as defined in Claim 1, wherein the ab- 
sorption of ethylene from the ethylene-rich argon 
purge gas stream includes contacting such 
stream with a high molecular weight organic liq- 
uid. 

3. An improved direct-oxidation ethylene oxide 
process as defined in Claim 2, wherein the high 
molecular weight organic liquid is n-dodecane, n- 
tridecane, a normal paraffin or isoparaff in other 
than n-dodecane or n-tridecane having a molec- 
ular weight of from 1 40 to 21 2, or a mixture of nor- 
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mat paraffins, of isoparaff ins, or of normal paraf- 
fins and isoparaff ins having an average molecu- 
lar weight of between 160 and 220. 

4. An improved direct-oxtdation ethylene oxide 5 
process as defined in any of Claims 1-3. wherein 

the ethylene absorber operates at temperatures 
between 10 and 45 degrees Celsius and at pres- 
sures between 1.4 MPa and 2.4 MPa. gauge. 

10 

5. An improved direct-oxidation ethylene oxide 
process as defined in Claim 4, wherein the strip- 
per associated with such absorber employs an in- 
ert gas as a stripping material and operates at 
pressures of from 69 KPa to 377 KPa, gauge, and is 
temperatures of from 40 to 80 degrees Celsius. 

6. An improved direct-oxidation ethylene oxide 
process as defined in Claim 5, wherein the inert 

gas is nitrogen or methane. 20 

7. An Improved direct-oxidation ethylene oxide 
process as defined in Claim 1 . wherein from 90 to 
99 percent of the unreacted ethylene in the ethy- 
lene-rich argon purge gas stream Is recovered 25 
and recycled back to the feed gas stream. 

8. An improved direct-oxidation ethylene oxide 
process as defined in Claim 1 or Claim 7, further 
comprising recovering carbon dioxide from a 30 
compressed portion of the ethylene oxide-lean 
overhead stream from the first absorption zone in 

a second, carbon dioxide absorption zone, and 
wherein the ethylene-rich argon purge gas 
stream is derived from the carbon dioxide-tean 3S 
absorber overheads from said second absorption 
zone. 

9. An improved direct-oxidation ethylene oxide 
process as defined in Claim 1 , wherein the ethy- 40 
lene oxide-lean overhead stream from the first 
absorption zone has an ethylene content of from 

5 to 30 mole percent while following the recovery 
of ethylene from the ethylene-rich argon purge 
gas stream the ethylene content of gases purged 45 
is from 0.1 to 1.0 mole percent. 
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(g) A direct-oxidation ethylene oxide process of 
the type comprising a) reacting a feed gas 
stream including ethylene and a commercial- 
ly-pure oxygen in one or more reactors and b) 
absorbing out ethylene oxide from the product 
stream from the one or more reactors In a first 
absorption zone, unreacted ethylene is re- 
coverd from an ethylene-rich argon purge gas 
stream via an absorber and a stripper in combi- 
nation, the recovered ethylene is recycled to the 
feed gas stream, and an ethylene-lean argon 
purge gas stream is purged. 
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